Introduction
Compared with major scientific figures of the 19th century such as Michael Faraday or Charles Dar-'win, Charles Babbage was until recent times a relatively obscure figure. One reason for this obscurity is that it is only since the widespread use of computers in the 1950s that Babbage has become a subject of interest to science historians. But at least as big a reason for our lack of knowledge of Babbage is that he was a Victorian polymath of such breadth that we do not yet have an integrated view of him. In recent years there have been some excellent studies of Babbage's major achievements: his mathematical work (Dubbey 1978) , his contributions to political economy (Berg 19801 , and of course his calculating engines (e.g., Bromley 1980) . Hyman (1982) is considered to have written the first sound biography of Babbage-Charles Babbage: Pioneer of the Computer-but in this task he has clearly been handicapped by the lack of an adequate secondary literature. For example, Hyman's discussion of Babbage's cryptography work occupies the space of about one page and he notes that "no adequate technical discussion of Babbage's work on cryptology has yet been given" (p. 227). This deficiency has since been amply remedied by Franksen's 319 page book Mr. Babbuge's Secret: the Tale of a Cypher-and APL published in 1984. This is perhaps indicative of the size of the task ahead for Babbage scholarship; for needed as much, if not more, than Franksen's study are detailed analyses of Babbage's works on life assurance, natural philosophy, religious philosophy, engineering and mechanical sciences, and so on. This paper, which describes the publication of Babbage's Table of Logarithms in 1827 (Figure l) , is offered in the spirit of a modest contribution to the secondary literature on Charles Babbage.
In his biography Hyman states:
After his study of life assurance the next book Babbage published was a This in fact is as much as Hyman has to say on the subject, and indeed there is not a great deal more to be learned from the secondary literature. Hyman's statement contains two assertions, or at least implications: first that Babbage calculated the tables, and second that they were the standard set of tables. The first assertion, on closer examination, turns out to be untrue: Babbage did not compute his tables, he copied and corrected them from an existing set of tables.' The second assertion, that they were the standard set of tables overstates the case, although they were certainly a standard set of tables; they were also one of the first practical tables of logarithms.
Babbage's Early Interest in Tables
Babbage had a professional interest in tables from an early date. Probably the first documentary evidence appears in his manuscript of November 1822, "The Science of Number Reduced to Mechanism:"
Being engaged in conjunction with my friend Mr. Herschel about the conclusion of the last year in arranging and superintending some calculations of considerable extent, which were distributed amongst several computers, the delays and errors which are inseparable from the nature of such undertakings soon became sufficiently sensible; and although the larger share of that wearisomeness and disgust, which always attend the monotonous repetition of arithmetical operations, must undoubtedly fall to the lot of those to whom the details of the computations are committed, yet the preliminary calculations, and especially the subsequent comparisons and verification, usually afford a considerable trial of the patience of those who superintend them. (Babbage 1822) IB. V. Bowden, in Faster than Thought (1953) states, "Babbage also computed a celebrated table of logarithms . . ." (p. 11). Morrison and Morrison (1961) Williams (1985) has been explicit on this point: "They were not recalculated, but were simply copied from previous publications" (p. 166). items. This collection has been described by Williams (1981, p. 239) (1624) was produced under Napier's influence and gave the logarithms to 14 decimal places of the numbers 1 to 20,000 and 90,000 to 100,000. In his Arithmetica Logarithmica (16281, Vlacq completed Briggs' work by producing the logarithms of 1 to 100,000 to 10 decimal places. Even in Babbage's day both of these books were very rare and valuable and today they are only to be found in the worlds great libraries; Babbage had a copy of them both.
In terms of accuracy it is well known that all the logarithmic tables of Babbage's day had many errors. For example, Taylor's Mathematical Tables, one of the most recent (1792) and reliable, had 19 known errors-most of them quite serious-and presumably as many undetected errors (Lardner 1834) . The existing tables also tended to be impractical in that they were very expensive, usually out of print, and far too cumbersome for field conditions-Taylor's tables, for example, occupied two fat folio volumes measuring 13 x 11 inches and weighing several pounds each. These disadvantages applied to the other established seven-figure tables. Even Callet's Tables Portatives (17951, although described as "portable," were scarcely convenient, being about three Both Briggs' and Vlacq's tables contained many known and unknown errors, but so great was the labour of computation and so great the opportunity for error, that all the table makers who followed "simply" edited, corrected and reduced these tables to practical precision-typically seven decimal places. Probably the most accurate lo-figure tables of Babbage's day were Vega's Thesaurus Logarithmorum (1794), which were based on those of Vlacq, but were printed in a "modern" typographical arrangement.
Of the practical seven-figure tables, those of best repute included Gardiner's Tables of Logarithms (1742) which were derived from Briggs and Vlacq, and the tables of Taylor, Callet, and Hutton, all of whom adopted Gardiner's typographical arrangement; Babbage had copies of them all.
It is perhaps worth being quite clear on the important distinction between plagiarism-the wholesale copying of someone else's work-and the compilation of a new set of tables from existing ones. Babbage was himself 'very clear on 2Although two other canons were produced in the 19th centurv.
de Pronv's inches thick and solidly bound. Although there was one set of tables-Charles Hutton's Mathematical Tables (1822)-that were compact, inexpensive and in print, they were not demonstrably more accurate than the others.
Colby thus encouraged Babbage, and assisted him, in publishing a truly accurate and practical set of logarithmic tables.
Babbage's Sources this point and wrote a paper on errors in tables of logarithms (1827b), in which he described the promulgation of errors in plagiarized tables; he cited a particular case of an anonymous "Chinese" table which he discovered to have been blindly copied from Vlacq. By contrast, the better tables were produced by a painstaking compilation of existing works, which involved comparing the different tables and recomputing values where they differed.
There was, incidentally, one final and very good reason why Babbage probably never gave a moment's thought to recomputing a table of logarithms: this was that in Paris there existed the manuscript of the monumental Callet's tables were known to be "one of the most correct and convenient" (de Morgan 1861), but probably Babbage placed at least as much importance on the fact that they were the first tables ever to be stereotyped rather than being printed using moveable type. Babbage had grave misgivings about using moveable type for printing tables, because of the danger of type becoming loose and being reinserted incorrectly by printers. [Lardner (1834) gives an example of this happening in Vlacq's tables, and which led to an error that was propagated through several derivative tables.]
Babbage was convinced that errors in tables arose far more from typesetting and printing than from mistakes in computation, and a good deal of the complexity of the Difference Engine was later to arise from attempting to mechanize the setting of tables. In the course of his investigation of machinery and manufactures Babbage made a study of printing technology, which was featured as a major section of his Encyclopaedia Metropolitana article on manufacturing and machinery (1829) 
Printing and Proofreading
Babbage's modus operandi, in short, was to have Callet's seven-figure logarithmic tables reset, producing in the process a more accurate and typographically pleasing table (Figure 2 ). The task broke down into three stages: copy preparation, typesetting, and proofreading. So far as copy preparation was concerned, Babbage arranged for the tables to be set directly from Callet's logarithmic tables; by working directly from the tables he eliminated any possibility of transcription errors. A minor deficiency of Callet's tables that Babbage wanted to improve was the end figure corrections (i.e., rounding up or down) about which Callet had been somewhat casual. Babbage thus had Callet's table read against Vega's lo-figure logarithms, and where Callet had rounded up the figure was marked in red ink. When the tables were set, all the marked figures were given a dot beneath the rounded digit.
Babbage also gave considerable thought as, to the best combination of colored inks and paper. In the event he decided to use black ink on a rather bright yellow paper (even today, the first edition of the so that corrections could easily be made. As proofs were received, Babbage had them read first against the marked-up copy of Callet, and then twice more against Hutton's and Vega's logarithms. When these corrections had been made, another set of proofs were produced which were read twice more. Finally stereotype plates were made from the moveable type, and another set of proofs produced. It seems likely that the printing job was overlapped so that early pages were in stereotype while the later pages were still being set. At the stereotype stage, the type had been effectively frozen and corrections could only be made at considerable cost-but the vast majority of errors had of course already been eradicated. Another advantage of the stereotype plates was that they were much lighter and thinner than moveable type, so they could be stored cheaply for a subsequent reprinting, which was not economically feasible with ordinary typesetting. In the summer of 1826, during the proofreading of the stereotype proofs, things began to go slightly awry. Babbage had planned a summer visit to Paris so that, inter alia, he could check doubtful logarithms against de Prony's Tables du  Cadastre. Unfortunately the printer chose that moment to go bankrupt, and the whole project was set back some weeks while the work was transferred to another printer, William Clowes. Colby, left in London to supervise the proofreading, was himself due imminently to depart for Ireland, and so the proofreading had to be skimped "particularly in the latter part of the work" (Colby, 10 ' Oct. 1826) .
In September 1826 Colby transferred to Ireland to take charge of the Irish survey, and he did his best to finish the proofreading under very trying circumstances.
Altogether, the proofs were read nine times as described by Babbage in his preface to the Table of Logarithms.
The proofs of the present tables were read three times: lst, with the marked copy of Callet's logarithms; 2dly, with a copy of Hutton's logarithms, fourth edition, 1804; 3dly, with a copy of Vega's logarithms, folio, 1794. They were now received from the printer, and were again compared with the logarithms of Vega as far as 100,000; the last 8,000 being read with those of Callet. 5thly, The first 20,000 were read with those in the Trigonometria Artificialis of Briggs. Folio. Goudae, 1633. They were next returned to the printer, and stereotyped, and the proofs from the plates were read; Gthly, with the logarithms of Vega as far as 47,500; 7thly, with the whole M. Campbd-Kelly l Babbage's Table of Logarithms of the logarithms of Gardiner, 4to. London, 1742; 8thly , with the logarithms of Taylor, 4to. 1792; and Sthly, by a different set of readers they were again read with the logarithms of Taylor. (pp. vvi) This description perhaps gives a rather sanitized account of the difficulties that Colby actually encountered in trying to read the proofs in his stormlashed encampment:
You will laugh at a hill like this which [is] about 2800 or 2900 feet about the level of the sea. But, I can assure you between wind, rain, and other little inconveniences, a tent on its top is by no means a comfortable residence for a person who has about a dozen different things to do which require quiet thought and the presence of books. (Colby, 9 Sept. 1826) In order to have the tables available for the Irish survey, they had to be printed before the final proofreadings of the stereotypes had been completed and a list of eight errata was included in the first edition. Probably only two other major errors were discovered in the next 50 years, and these were corrected not later than the 1889 edition (Fletcher et al., 1962, p. 50 ). All in all, however, the quality of proofreading must have fallen considerably short of Babbage's original intention.
A century later, James Henderson (1926, p. 1091, was probably the first to record that "the logarithms beyond 100,000 . . . contain many errors."
That these errors had remained undiscovered for so long was probably due to the fact that the values above 100,000 were little used. In their Zndex of Mathematical   Tables  (1962) Fletcher Tables of the Logarithms of Sines and Tangents , (Paris 1795, tirage 1827); yellow paper.
London: B. Fellowes; various coloured papers (white, fawn, pale yellow, grey).
London: Charles Knight; printed for the Hungarian Academy of Sciences; green paper.
A Termesztetes
Szamok Logarithmai 7 to/ 108000; Hungarian translation of introduction and preface by Karl Nagy; pp. xiv + xx + 201; green or fawn paper.
Logarithmen
der Naturlichen Zahlen 1 his 108000; German and Hungarian translations of preface and introduction; pp. xvi + xx + xiv + 201; green paper.
London: E. and F. N. Spon.
London: E. and F. N. Sport; New York: Spon and Chamberlain.
Sinderen; personal knowledge.
was dated 20 January 1827 and the book, bearing the title Table of Logarithms of the Natural Numbers, from 1 to 108,000, emerged from the printers shortly after. Colby paid Babbage g100 for his 250 copies, and the print run was probably not very much bigger than this. A second small printing was produced in 1829, of which some copies were bound with Callet's Tables of the Logarithms of Sines and Tangents. . . .3 A second edition, incorporating the errata, was published in 1831; this edition was printed on various colour papers, and there are known editions on white, fawn, pale yellow, and grey paper.
The tables soon acquired a reputation for accuracy, a contemporary writer (Young 1834) not- ing: "In Mr. Babbage's table I could find no error, and I have no doubt that they amply deserve the reputation for accuracy that they have obtained." In 1833 Babbage received a written request from a Hungarian man of science, Karl Nagy, to produce an edition for his country of 1500 to 2000 copies "on very light green paper"-a choice no doubt suggested by Babbage (Nagy, 9 Apr. 1833 ). Nagy's third edition appeared in three forms: an English version, a Hungarian version, and a German version; the foreign versions included translations of the preface by Nagy. Shortly afterwards Babbage was honoured by being elected to the Hungarian Academy. Thereafter, the tables were reprinted on at least six further occasions (see Table 1 ). All the later printings were on white paper. The colored paper used by Babbage in the early editions was in fact not well made, and Colby reported to him:
My assistants wear out the first pages of your logarithms very rapidly . . . The color of the paper is of no consequence, provided the quality of it be tough. (Colby, 15 Sept. 1836) To replace the most worn pages, at minimum cost, Colby ordered from Babbage supplies of unbound sheets on more than one occasion. In 1840, Colby requested one final printing of the logarithms-"250 copies . . . on tough white paper . . . to bind up with Baguay's sines and tangents" (Colby, 25 Jun. 1840) . The later editions, evidently all produced as ordinary commercial propositions independent of the Irish survey, were printed on good strong white paper and have certainly aged better than the earlier printings.
For the 1912 edition the tables were entirely reset, presumably because the stereotypes were lost or unusable. Babbage would no doubt have heartily disapproved of this process as all too likely to introduce errors, especially as facsimile reproductions were then an everyday possibility.* Use of Babbage's Table   The Comrie (1948) later took exactly the opposite view, and reverted to the old-style figures which he considered less fatiguing and therefore less likely to be misread.
The range l-108,000 was used so that any angle up to 30 degrees could be converted to seconds for trignometrical calculations (there are 108,000 seconds of arc in 30 degrees). This range was probably first used in Callet's Tables Portatiues, and Babbage followed Callet's arrangement.
A dot below the least significant figure indicates that it has been augmented (i.e., rounded up). De Morgan (1861) states that Babbage was probably the first to use this device: 'This example is now frequently followed. It secures an extreme nicety in certain rarely occurring cases; but we never found any practical balance to the inconvenience of a new symbol, except when the augmented figure is a 5." Although some table makers copied the idea, it ultimately fell into disuse.
Small figures were used to indicate a change in the third figure of a logarithm, since only the last four digits were printed for each entry. For example, in the fifth line of the table in Figure 2 , the small figure 0 in column 1 indicates that the logarithm is 4630116, whereas in the previous column the regular type indicates the logarithm is 4629966. Prior table makers had used an asterisk or a clear line to indicate the change, which spoiled the look of the table. Glaisher (1911b) noted: "The change of figure in the middle of the block of numbers is marked by a change of type in the fourth figure, which (with the sole exception of an asterisk) is probably the best method." On the other hand Milne in his "The Arrangement of Mathematical Tables" (1915) makes no reference to the Babbage method. The only conclusion to be drawn from this is that it was all a matter of opinion.
The long term significance of Babbage's tables was their unprecedented accuracy (at least for the numbers below 100,000). His tables were very well known and there can be no doubt that they must have helped to raise awareness of the need for, and the possibility of, very accurate tables. The 
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Accuracy apart, Babbage's tables could have been a good deal more useful than they were: most notably they did not include trigonometrical tables, which Colby always wanted but Babbage never provided, other than by reprinting those of another table maker. Thus his tables, as a practical computing tool, were probably less useful than the much more comprehensive, if less accurate, tables of Charles Hutton. Moreover, the next half century saw the publication of comprehensive seven-figure tables such as Barlow's Tubles and Chambers'
Mathematical Tables which were of far more service to practical computers and sold in vastly greater numbers. Babbage's tables no doubt still appealed to the discerning calculater who appreciated their accuracy, but practical computers were better served by the popular tables.
Even Babbage's attention to typography and layout seems to have had little or no influence. For example, in "The arrangement of mathematical tables" (Milne 1915 
